Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1)Pub!ication number : 2003-257238 
(43)Date of publication of application : 12.09.2003 



(51)lnt.CI. 



H01B 1/06 
C08F 2/00 
C08F 30/02 
H01M 8/02 
H01M 8/10 



(21 Application number : 2002-057052 
(22)Date of filing: 04.03.2002 



(71 Applicant : NiTTO DENKO CORP 
(72)lnventor : ABE MASAO 



(54) PROTON CONDUCTION MEMBRANE OR FILM AND FUEL CELL USING THE SAME 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a proton conduction membrane or film that has 
durability and mechanical strength and its manufacturing method, and a fuel cell using the 
same as a proton exchange membrane. 

SOLUTION: This is a proton conduction membrane that carries a polymer having a 
phosphonic acid group at side chain in the pores of the porous membrane. Specifically, a 
monomer having a phosphonate group is polymerized in the pores of the porous membrane 
and a polymer having a phosphonate group at side chain is formed and then the above 
phosphonate group of this polymer is hydrolyzed, thereby, the polymer having the free 
phosphonic acid group is carried in the pores of the above porous membrane and thus a 
proton conduction membrane is provided. Further, a fuel cell using the above proton 
conduction membrane or film as a proton exchange membrane is provided. 
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* NOTICES * 

JPO and INPST are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. in the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A proton conductive film making it come to support polymer which has a phosphonic 
acid group in a side chain in a hole of a porous membrane. 

[Claim 2]The proton conductive film according to claim 1 which is what a porous membrane 
becomes from ultrahigh-molecular-weight poiyolefin resin or a ftuoro-resin. 
[Claim 3]The proton conductive film according to claim 1 in which polymer has the structure of 
cross linkage. 

[Claim 4]A proton conductivity film which blockades at least a part of opening of the emainder 
of a hole of the proton conductive film according to any one of claims 1 to 3. 
[Claim 5]After making polymer which has a phosphonate group in a side chain generate, 
polymerize a monomer which has a phosphonate group within a hole of a porous membrane, 
hydrolyze, and the above-mentioned phosphonate group which this polymer has in this way, A 
proton conductive film making it come to support polymer which has an isolation phosphonic 
acid group in a hole of the above-mentioned porous membrane. 

[Claim 8]The proton conductive film according to claim 4 which is what a porous membrane 
becomes from ultrahigh-molecular-weight poiyolefin resin or a fluoro-resin. 
[Claim 7]The proton conductive film according to claim 5 in which polymer has the structure of 
cross linkage. 

[Claim 8]A proton conductivity film which blockades at least a part of opening of the emainder 
of a hole of the proton conductive film according to any one of claims 5 to 7. 
[Claim 9]After making polymer which has a phosphonic acid group in a side chain generate, 
impregnate a porous membrane with a monomer which has a phosphonic acid group, make it 
polymerize within a hole of this porous membrane, hydrolyze, and the above-mentioned 
phosphonate group which this polymer has in this way, A manufacturing method of a proton 
conductive film making polymer which has an isolation phosphonic acid group support in a 
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hole of the above-mentioned porous membrane. 

[Claim 10JA manufacturing method of a proton conductive film which makes the above- 
mentioned polymer have the structure of cross iinkage in a method according to claim 9 using 
a polyfunctional monomer which does not have a phosphonate group with a monomer which 
has a phosphonate group. 

[Claim 11]A manufacturing method of the proton conductive film according to claim 9 or 10 
which is what a porous membrane becomes from ultrahigh-moiecular-weight polyolefin resin or 
a fluoro-resin. 

[Claim 12]lmpregnate with a porous membrane and a monomer which has a phosphonate 
group is polymerized within a hole of this porous membrane, After making polymer which has a 
phosphonate group in a side chain generate, hydrolyze and the above-mentioned 
phosphonate group which this polymer has in this way, A manufacturing method of a proton 
conductivity film which makes polymer which has an isolation phosphonic acid group support 
in a hole of the above-mentioned porous membrane, obtains a proton conductive film, and is 
characterized by ranking second and blockading at least a part of opening of the emainder of a 
hole of this proton conductive film. 

[Claim 13]A manufacturing method of a proton conductivity film which makes the above- 
mentioned polymer have the structure of cross iinkage in a method according to claim 12 using 
a polyfunctional monomer which does not have a phosphonate group with a monomer which 
has a phosphonate group. 

[Claim 14] A manufacturing method of the proton conductivity film according to claim 12 or 13 
which is what a porous membrane becomes from ultrahigh-moiecular-weight polyolefin resin or 
a fluoro-resin. 

[Claim 15] A fuel cell which uses claims 1-3 or the proton conductive film according to any one 
of claims 5 to 7 as proton exchange membrane. 

[Claim 16]A fuel cell which uses the proton conductivity film according to claim 4 or 8 as proton 
exchange membrane. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial ApplicationJThis invention relates to the proton conductive film which has proton 
conductivity, the proton conductivity films obtained from this, those manufacturing methods, 
and the fuel cell for which these proton conductive films or a film is further used as proton 
exchange membrane. 
[0002] 

[Description of the Prior ArfjConventionally, although the proton conductive film is used for the 
use of an ion-exchange membrane, a humidity sensor, etc., also in the use as a solid- 
electrolyte membrane in a polymer electrolyte fuel cell, it attracts attention in recent years. For 
example, although the use as a solid electrolyte in an electromobile or the fuel cell for 
dispersed-type power sources is considered, the sulfonic group content fluororesin film which 
makes Nafion (registered trademark) of Du Pont representation, There is a fault that these 
fluoro-resin system proton conductive films known conventionally have a very high price. In 
order to attain utilization for a proton conductive film in new uses, such as a fuel ceil, it is 
indispensable to make a price low for proton conductivity moreover highly. 
[0003]Then, conventionally, the porous membrane which has a hole is made to contain 
electrolyte polymer, and the method of obtaining a proton conductive film is proposed 
variously. In a JP,9-194609,A gazette, for example, a fluoro-resin, polyethylene resin, It 
impregnates with the solution of the hydrophobic polymer same in the hole of the porous 
membrane which consists of hydrophobic resin, such as polypropylene resin, After making it 
dry and making a porous membrane support the above-mentioned polymer, ion exchange 
groups, such as a sulfonic group, a protonation amino group, and a carboxyl group, are 
introduced into this polymer, and the method of manufacturing an ion-exchange membrane is 
proposed in this way. However, according to such a method, it is difficult to distribute an ion 
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exchange group uniformly in a porous membrane, and proton conductivity is not enough by 
extension, either. 

[0Q04]Then, the polymer which has a phosphoester group as an ion exchange group these 
days, Using as proton exchange membrane for polymer electrolyte fuel cells the polymer led to 
a side chain from the methacrylic acid derivative which has a phosphoester group Namely, the 
414th page of the 3 No. with a [ "Society of Polymer Science, Japan proceedings" } of of 
volume [ 48th ] (1999), It is proposed by the 751st page (2000) of the 4 48th volume of 
"Society of Polymer Science, Japan proceedings" [No. 10 / the 2393rd page (1999) and the 
49th volume of "Society of Polymer Science, Japan proceedings" ] No., etc. 
[0005]According to these literature, the polymer led to a side chain from the methacrylic acid 
derivative which has a phosphoester group has the large degree of proton dissociation of the 
above-mentioned phosphoester group, and since strong acidity is shown, it has high proton 
conductivity. 

And though a main chain is hydrocarbon, it has heat resistance, and it has the characteristic of 
hardly dissolving in water. 

Thus, it is concluded that it is because a network powerful between polymer chains is formed 
of the hydrogen bond which a phosphoester group forms between each that the polymer which 
it has in a side chain by making a phosphoester group into a substituent is insoluble in water 
nature. 

[0006]However, the above-mentioned polymer Itself led to a side chain from the methacrylic 
acid derivative which has a phosphoester group has a low mechanical strength, and since it is 
weak, it is difficult [ it ] to use as proton exchange membrane for fuel cells. In addition for 
utilization - the above-mentioned polymer is deficient in the polymer which often gelled at the 
time of the manufacture, and was obtained to solubility - there are many problems in respect 
of manufacture and a moldability. 

[0007]Genera!fy, in order to give proton conductivity to a porous membrane, it is required in a 
film to have a proton source of release or a transportation site, and the sulfonic group which 
made reference previously is an example of representation of such a proton source of release 
or a transportation site. However, the polymer which has a sulfonic group is polystyrene 
sulfonate, polyvinyl sulfonic acid, etc. typically, and these are all water solubility. Therefore, as 
proton exchange membrane of the fuel cell which carries out steam humidificafion and uses 
hydrogen gas and oxygen gas, these polymer is difficult to use as if is. That is, in order to use 
as proton exchange membrane of a fuel cell, it is required for polymer to perform an certain 
insoluble in water nature-ized processing. 

[OOOSjln order to make water-soluble polymer insoluble in water, it is necessary to perform a 
monomer and copoiymerization which give insoluble in water nature polymer with the 
monomer which carries out crosslinking treatment or has a sulfonic group, and to consider it as 
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a copolymer, 

[0009]However, even if it is avoidable to dissolve in water thoroughly by performing 
crossfinking treatment to water-soluble polymer, it is not avoided that polymer swells when 
water is contacted. In this way, since insoluble in water-ization by bridge construction of water- 
soluble polymer brings about the fail of the mechanical strength of polymer in exchange for it, it 
is difficult to use the polymer which made water-soluble polymer insoluble in water as proton 
exchange membrane for fuel cells such. 

[0010]On the other hand, by copolymerization with the monomer which gives insoluble in water 
nature polymer, in order to obtain insoluble in water nature polymer, Since the proton 
conductivity which does not obtain a low kink colander relatively, then is originally searched for 
as proton exchange membrane in the rate of the sulfonic group content monomer in the 
monomer with which a polymerization is presented is spoiled, the polymer which has high 
proton conductivity cannot be obtained. 
[0011] 

[Prohfem(s) to be Solved by the IrtveRiionjThis invention was made in order to solve the 
problem in a proton conductive film or a film mentioned above, and it is ****. It Is providing the 
proton conductive films or films which have the purpose and a mechanical strength, those 
manufacturing methods, and the fuel eel! which uses them as proton exchange membrane 
further. 

[0012] 

[Means for Solving the Problem]According to this invention, a proton conductive film making it 
come to support polymer (it may be hereafter called "P-pofymer".) which has a phosphonic 
acid group in a side chain in a hole of a porous membrane is provided. 
[001 3]A monomer which has a phosphonate group especially according to this invention, (it 
may be hereafter called "P-monomer".) - it being made to polymerize within a hole of a porous 
membrane, and, After making polymer (it may be hereafter called "P-polymer precursor".) 
which has a phosphonate group generate, hydrolyze and the above-mentioned phosphonate 
group which this P-poiymer precursor has in this way, A proton conductive film making it come 
to support P-polymer which has a phosphonic acid group of isolation in a hole of the above- 
mentioned porous membrane is provided. 

[0014]According to this invention, impregnate with a porous membrane and the above- 
mentioned P-monomer is polymerized within a hole of this porous membrane, After making P- 
polymer precursor generate, the above-mentioned phosphonate group which this P-polymer 
precursor has is hydroiyzed, and a manufacturing method of a proton conductive film making 
P-polymer which has a phosphonic acid group of isolation support in a hole of the above- 
mentioned porous membrane in this way is provided. 
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[G015]According to this invention, when an opening remains in a hole of the above-mentioned 
proton conductive film, a proton conductivity fiim and such a manufacturing method of the 
opening which blockade at least a part are provided, 

[0018]According to this invention besides the above, a fuel cell which uses the above- 
mentioned proton conductivity film as proton exchange membrane is provided. 
[0017] 

[Embodiment of the lnvention]Make it come to support the proton conductive film by this 
invention in the hole of a porous membrane, and P-polymer preferably, After polymerizing said 
P-monomer which has a phosphonate group within the hole of a porous membrane and 
making P-polymer precursor generate, hydroiyze and the above-mentioned phosphonate 
group which this P-polymer precursor has in this way, It makes it come to support P-polymer 
which has a pnosphonic acid group of isolation in the hole of the above-mentioned porous 
membrane. 

[0018]What consists of various resin can be used especially for the porous membrane used as 
a substrate in the proton conductive film by this invention, without being limited. As such resin, 
for example Fluoro-resins, such as polytetrafluoroethylene, Polyester resin, such as various 
polyamide resin, polyethylene terephthalate, etc. besides 6,6-nylon, Polyether resin, such as 
dimethylphenylene oxide and a polyether ether ketone, Alicyclic unsaturation carbonization 
matter, such as alpha olefins, such as ethylene and propylene, and norbornene, Polymers, 
such as conjugated dienes, such as butadiene and isoprene (**). For example, aliphatic 
hydrocarbon resin, such as elastomers, such as polyethylene resin, polypropylene resin, and 
ethylene-propylene rubber, butadiene rubber, polyisoprene rubber, isobutylene isoprene 
rubber, polynorbornene rubber, and those hydrogenation things, can be mentioned. These 
resin is independent, or may use two or more sorts together, and may form the above- 
mentioned porous membrane. 

[0019]According to this invention, more than polyolefin resin, especially weight-average- 
molecular-weight 5.0x1 0 5 also in the porous membrane which consists of the above- 
mentioned various resin preferably, From the place the porous membrane which consists of 
amount polyethylene resin of polymers more than 1.0x10 6 excels [ place ] in intensity or heat 
resistance, it is used preferably. The porous membrane which consists of fluoro-resins, such 
as polytetrafluoroethytene and polyvinylidene fluoride, is aiso preferably used in this invention 
from the outstanding chemical resistance and heat resistance. 

[0020]According to this invention, hydrophiiization of the substrate porous membrane may be 
carried out by a proper means by which it is known conventionally. Such a porous membrane 
by which hydrophiiization was carried out can be obtained by, using for a raw material the 
polymer which has hydrophilic radicals, such as a sulfonic group, a phosphate group, a 
carboxyl group, an amino group, an amide group, and a hydroxyl group, and its blend for 
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example, and producing a film. After producing a polymer without such a hydrophilic radical to 
a porous membrane, it can obtain by the method of performing sulfonation treatment to the 
porous membrane, and making it support a surface-active agent etc. for example. 
[0021 ]ln this invention, a substrate porous membrane usually has a void content of 30 to 85% 
of range preferably 20 to 90%. When the void content of a porous membrane is smaller than 
20%, Impregnate such a porous membrane with P-monomer, make it polymerize, make P- 
polymer precursor generate in the hole of a porous membrane, hydrolyze, and the 
phosphonate group in this way, Even if it makes a porous membrane support P-polymer which 
has a phosphonic acid group of isolation eventually, the film which has high proton conductivity 
cannot be obtained. However, when the void content of a porous membrane is larger than 
90%, even if it makes the hole of such a porous membrane support P-poiymer, the proton 
conductive film obtained does not have enough intensity, and difficulty follows it on handling or 
use for various uses. 

[GD22]if the substrate porous membrane can hold said P-monomer in a porous membrane, it is 
not limited in particular, but the range of the average pore size is 0.001-100 micrometers, and 
it is usually preferred that it Is in the range of 0.005-10 micrometers. Similarly, although the 
thickness of a porous membrane is not limited in particular, either, it is 1 mm or less and is 
usually the range of 5-500 micrometers preferably. 

[0023]The proton conductive film by this invention Impregnates a porous membrane with said 
P-monomer, After making it polymerize within the hole of this porous membrane and making 
said P-polymer precursor generate, it can obtain by hydrolyzing the phosphonate group which 
this P-polymer precursor has, and making P-poiymer support in the hole of the above- 
mentioned porous membrane. 

[0024]According to this invention, as a desirable example of the above-mentioned P-monomer, 

it is general formula (I). 

[0025] 

[Formula 1] 
R, o 

H 2 C~c-Y — P-OR 2 
OR 3 

(I) 

[0026](R 1 shows a hydrogen atom or a methyl group among a formula, R 2 and F? 3 show an 

alkyl group, an aryl group, or an arylated aikyl group independently, respectively, and Y shows 
the divalent organic group whose both ends of a basis are carbon atoms.) ~- the compound 
expressed can be mentioned. 

[0027]in P-monomer expressed with the above-mentioned general formula (I), although F? 2 and 
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R 3 in particular are not limited, they show an alkyl group, a phenyl group, or benzyl with 1-4 

carbon atoms, and are the above-mentioned alky! group preferably. 

[0028] Especially in this invention, the above-mentioned group Y is general formula (II) 

preferably. 

[0029] 

[Formula 2] 

-Ar-CH 2 -[0-R 4 -(Ar') s ] f -- 
(II) 

[0030]inside of formula, Ar, and Ar' - an independently divalent respectively aromatic 
hydrocarbon group ~ preferably, A phenylene group is shown, and preferably, the straight 
chain shape or the branched-chain aikylene group of 2-6 is shown, r is 0 or 1, and 1-10 carbon 
atoms and when r is 1 , s of R 4 is 0 or 1 . The divalent group with which it is expressed is 

shown. 

[0031]Therefore, as a desirable example of P-monomer which has a phosphonate group 
expressed with the above-mentioned general formula (I), For example, 4-(2-styryl methoxy 
ethyl) phenylphosphonic acid diester, 4-(styryl methoxy) butylphosphonic acid diester, styryl 
rneihyiphosphonic acid diester, etc. can be mentioned. 

[0032]According to this invention, the polyfunctional monomer (it may be hereafter called a 
polyfunctional un-P-monomer.) which does not have a phosphonate group with the above- 
mentioned P-monomer can be used. Thus, P-po!ymer eventually obtained by using a 
polyfunctional un-P-monomer with P-monomer, It has the three-dimensional structure, i.e., the 
structure of cross linkage, by the above-mentioned polyfunctional un-P-monomer, and various 
physical properties of P-polymer, for example, glass transition temperature, the grade of 
hydrophilic nature, solvent resistance, pliability, a mechanical strength, etc. can be adjusted in 
this way, or it can improve. 

[0033]As such a polyfunctional un-P-monomer, for example Divinylbenzene, Hydrocarbon 
system monomers, such as diaryibenzene, divinyl ether, diary! ether, Vinyl ether systems and 
ally! ether system monomers, such as ailyl vinyl ether, Heterocyclic content system monomers, 
such as divmyipyridine and trialiyl isocyanurate, Adipic acid divinyl, acrylic acid vinyl, 
methacryfic acid vinyl, crotonic acid vinyl, Vinyl ester system monomers, such as sorbic acid 
vinyl, 1 ,4-butanediol diacrylate, 1 ,6-hexanediol diacrylate, tetraethylene glycol diacrylate, 
Screw acrylamide systems, such as polyfunctional acrylic ester systems, such as 
trimethylolpropanetrimethacrylate, or a methacrylic-acid-ester system monomer, methylenebis 
acrylamide, and methylenebis methacrylamide, or a screw methaerylamide system monomer 
can be mentioned. 

[0034]ln this invention, in this way, when P-monomer contains a polyfunctional un-P-monomer, 
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the rate of this polyfunctional un-P-monomer is less than 50 mol %, and is less than 45 mol % 
preferably. 

[0035]However, the means for giving the structure of cross linkage to P-poiymer in the proton 
conductive film by this invention, The exposure of not the thing limited above but bridge 
construction according to the reaction between functional groups and a peroxide for example, 
an electron beam, etc., an operation of ozone, etc. can use a proper means by which it is 
known from before. 

[0036]According to this invention, the monofunctiona! nature monomer (it may be hereafter 
called a single functional un-P-monomer.) which does not have a phosphonate group with P- 
monomer can also be used. As such a single functional un-P-monomer, For example, vinyl 
monomers, such as styrene, vinylsulfonic acid, and sodium styrenesuffonate. Vinyl ether, such 
as ethyl vinyl ether, butyl acrylate, methoxy ethyl acrylate, Acrylamide, such as acrylic 
monomers, such as 2-ethylhexyl methacrylate and acrylic acid, N.N-dimethylaminopropyl 
acrylamide, and 2-acrylamido-2-methyl propane sulfonic acid, can be mentioned. 
[0037] In this invention, when using a single functional un-P-monomer with P-monomer (a 
polyfunctional un-P-monomer is included.), the rate of the single functional un-P-monomer is 
based also on the void content of the substrate porous membrane to be used, but. Usually, it is 
a range not more than 90 mol % to P-monomer, and is a range not more than 80 mbl % 
preferably. To P-monomer (a polyfunctional un-P-monomer is included.), the rate of a single 
functional un-P-monomer cannot obtain a high proton conductive film, when more than 90-mol 
%. 

[0038]Thus, in order to obtain the proton conductive film by this invention using various 
monomers other than this P-monomer and if needed, Make a substrate porous membrane 
support various monomers other than this the above-mentioned P-monomer and if needed, 
and thermal polymerization, photopotymerization, etc. by the proper method known from 
before. What is necessary is to hydrolyze the phosphonate group which P-polymer precursor 
obtained from those monomers has, and just to make P-polymer which has a phosphonic acid 
group of isolation support in the hole of a porous membrane in this way, after polymerizing the 
above-mentioned monomer. However, as a polymerizing method, photopolymerization method 
is simple and those with safety and a deer can also obtain P-poiymer precursor especially in a 
short time. After performing photopolymerization if needed, in order to polymerize residual P- 
monomer, photopolymerization and thermal polymerization may be further performed more at 
an elevated temperature. 

[0039]Thus, what is necessary is just to carry out an optical exposure, after mixing a 
photopolymerization initiator to said P-monomer, dissolving in it and impregnating a porous 
membrane with this, in order to perform photopolymerization of P-monomer. 
[0040]What is known conventionally should just be suitably used for the above-mentioned 
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photopoiymerization initiator. For example* the 2-benzyl-2-dimethylamino 1-(4~ 
morpholinopbenyf) butanone- 1 (Ciba-Geigy SRGACURE 369), The 2-methyl~1-{4~(methylthio) 
phenyl}-2-morpholinopropanone 1 (Ciba-Geigy IRGACURE 907), 1-hydroxycyclohexylphenyl 
ketone (Ciba-Geigy IRGACURE 184), benzyl dimethyl ketai (Ciba-Geigy SRGACURE 851), etc. 
can be used. Even if it uses light with a wavelength of not less than 300 nm, especially the 
thing that can polymerize is preferred. Such a photopoiymerization initiator is usually added 
about 0.01 to 5% of the weight to P-monomer. 

[0041]ln order to make P-monomer and the mixture which contains other copolymers 
monomers, a polyfunctional monomer, a photopoiymerization initiator, etc. with P-monomer 
depending on the case support in the hole of a porous membrane, For example, what is 
necessary is to immerse a porous membrane in P-monomer or the above-mentioned mixture, 
and just to apply P-monomer and the above-mentioned mixture to a substrate porous 
membrane. 

[0042]Thus, it makes it face that a porous membrane supports P-monomer and the above- 
mentioned mixture, and the viscosity of these P-monomer or the above-mentioned mixture 
may be adjusted suitably. That is, in order to raise viscosity, procuring of a part of monomer 
may be carried out, and a small amount of proper polymer may be added and dissolved. On 
the contrary, a suitable solvent may be added and diluted in order to Sower viscosity. 
[0043JThus, after making a porous membrane support P-monomer, pinch a porous membrane 
with the mold releasing film made of polyester resin, and this exchange membrane is 
intercepted from oxygen (therefore, air), Using a high-pressure mercury lamp etc., to P- 
monomer Mitsuteru putting and by carrying out photopoiymerization, The film which makes it 
come to support P-poSymer precursor in the hole of a porous membrane can be obtained, and 
if the phosphonic acid group which this P-poiymer precursor has is hydrolyzed after this, the 
proton conductive film by this invention can be obtained. 

[0044]Although an optica! dose required for the above-mentioned photopoiymerization 
changes with systems, a 0.1 - 5 J/cm 2 grade is usually enough as it. Photopoiymerization is 
usually performed near a room temperature, in order to make the molecular weight of P- 
polymer precursor obtained high, but in order to raise conversion, it may perform 
photopoiymerization at a higher temperature, and is low temperature at first, ranks second, 
and photopoiymerization may be carried out at an elevated temperature. 
[0045]When according to this invention impregnating a porous membrane with the above- 
mentioned P-monomer and the ratio (filling factor) with which P-monomer fills up the hole of a 
porous membrane is low, The proton conductivity porous membrane in which the substrate 
porous membrane has the porous structure which has breathability, and after the 
polymerization of this P-monomer has breathability eventually in this way can be obtained. On 
the other hand, when the above-mentioned filling factor is high, since the hole is blockaded 
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substantially, eventually, the substrate porous membrane can obtain a proton conductivity 
nonporous film without breathability after the polymerization of P-monomer. As a temporary 
rule of thumb, if the filling factor of P-monomer is not less than 80%, a proton conductivity 
nonporous film without the breathability which comes to blockade the hole of a substrate 
porous membrane substantially can be obtained. 

[0046]in this invention, it P-monomer is not only ftiied up with the hole of a substrate porous 
membrane, but may cover at least a part of at least one surface of a substrate porous 
membrane. In this case, the filling factor of P-monomer exceeds 100%. Thus, if a substrate 
porous membrane is made to support P-monomer with the filling factor exceeding 100% and 
an optical exposure is carried out at this, a porous membrane, Eventually, the hole is not only 
filled up with P-po!ymer, but it can obtain the proton conductive film by which at least a part of 
at least one surface was covered by P-po!ymer. 

[0047]The opening of the emainder of the hole which the proton conductive film produced by 
doing in this way has according to this invention, Namely, heat and shrink the opening which 
remains in the proton conductive film produced by doing in this way, or heating, carrying out 
melting, etc. suitably by a means. At least a part of above-mentioned opening which remains in 
a proton conductive film is blockaded, and it can be considered as a proton conductivity film, 
and especially, all the openings that remain in a proton conductive film are blockaded 
preferably, and a proton conductivity nonporous film without breathability can be obtained. A 
part of opening which remains in a proton conductive film is blockaded if needed, and a proton 
conductivity perforated film with breathability can be obtained. 

[0048]Thus, the proton conductive film and proton conductivity film which have a phosphonic 
acid group in a side chain and which make it come to support P-polymer in the hole of a 
substrate porous membrane have high proton conductivity. According to this invention, the 
filling factor of P-monomer to a porous membrane is made high, and the film and film which 
have high proton conductivity eventually can be obtained, so that the filling factor of P-polymer 
to the hole which a porous membrane has is made high. 

[0049]The proton conductive film which according to this invention has porous structure and 
has breathability in this way, The proton conductivity film of nonporous structure can be 
obtained the proton conductivity fiim which can obtain the proton conductive film of nonporous 
structure, and has porous structure on the contrary, and has breathability, and reversely. The 
proton conductive film which has porous structure and has breathability, and the film can use a 
permselectivity charged membrane etc. for the use which harnessed the opening preferably, 
for example. 

[OOSOJHowever, the proton conductive film and fiim which have porous structure and have 
breathability have problems, like the cross leakage of gas happens easily, if it uses as proton 
exchange membrane for fuel cells. Therefore, as mentioned above, use for such a use the 
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proton conductivity nonporous film which fHted up the ho!e of the porous membrane with P- 
polymer altogether substantially, or. It is preferred to use the proton conductivity nonporous 
film which blockades all the openings that remain in a proton conductive film by heating and 
proper means, such as to carry out melting, as the proton conductivity porous membrane was 
mentioned above. 

[0051] According to this invention, composite-ize the proton conductive polymer which consists 
of P-polymer to a porous membrane, consider it as a proton conductive film or a film, and 
preferably, Impregnate with a porous membrane and P-monomer is polymerized within the 
hole of this porous membrane, After making P-po!ymer precursor generate, hydrolyze the 
phosphonate group which this P-polymer precursor has, this is made to support in the hole of 
the above-mentioned porous membrane as P-polymer which has a phosphonic acid group of 
isolation, and the unification with a porous membrane and P-polymer is realized. 
[0052]Therefore, according to this invention, it originates in composite-ization with a substrate 
porous membrane and a proton conductive polymer, and the proton conductive film or film 
which is various points and was excellent can be obtained. For example, in addition to the high 
proton conductivity originating in P-polymer, the proton conductive film or film which has a high 
mechanical strength and the outstanding handling nature can be obtained by using as a 
substrate the tough porous membrane which consists of ultra high molecular weight 
polyethylene etc. 

[0053]By making P-monomer support in the hole of a porous membrane, making it polymerize 
according to this invention, and uniting P-polymer precursor, therefore P-polymer after 
hydrolysis with a substrate porous membrane especially, Can make P-polymer chain get it 
highly twisted around the meshes of a net of a porous membrane, and further, If 
copolymerization of the polyfunctional monomer is carried out with P-monomer, by the polymer 
network in which P-polymer which constructed the bridge, and the polymer chain which 
constitutes a porous membrane carried out mutual penetration, a physical combination will 
arise and in this way, The proton conductive film and film which strengthened the adhesion of 
a proton conductive polymer and a porous membrane further can be obtained. 
[0054] 

[ExamplejAlthough an example is given to below and this invention is explained to it, this 
invention is not limited at all by these examples. The characteristic of a porous membrane of 
having used for below, and the characteristic of the obtained proton conductive film or the film 
were evaluated as follows. 

[0055](Thickness of a film or a film) it measured by 1/10000 thickness gage. 
(Void content of a porous membrane) It computed by the lower formula from weight [ of the 
unit area S (cm 2 ) hit of a porous membrane ] W (g), average thickness t (micrometer), and the 
density d (g/cm 3 ). 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_w 9/21/2009 



JP,2003-257238,A [DETAILED DESCRIPTION] 



Page II of 15 



[0056]Vosd content (%) = (the temperature of 25 ** 1-(10 4 -W/(S-t-d}) x100 (proton conductivity} 
proton conductive film or a film) After neglecting it for 4 hours under the environment adjusted 
to 50% of relative humidity, Hewlett Packard LCR meter HP4284A is used, The sample of 1 
cm of given thickness Mino angle was inserted between platinum electrodes, it measured by 
the complex impedance method under the conditions of the temperature of 25 **, and 50% of 
relative humidity, and proton conductivity was computed using the resistance of a real part 
when extrapolated in the resistance zero of imaginary part. 

[0057J15.3 g of p-chlorornethyl styrene and 19.9 g of phosphorous acid triethyl were added into 
the reference example 1 (composition of p-styryl diethyl methylphosphonate) toluene 320g, 
and it was made to react under 3-hour stirring at 90 **. Water was added to the obtained 
reaction mixture after ending reaction, superfluous phosphorous acid triethyl was decomposed 
into phosphorous acid and ethanol, and it moved to the water layer. Thus, after rinsing a 
toluene layer 3 times, the calcium chloride was added to the toluene layer obtained by 
removing a water layer, and it dried, Subsequently, after removing this calcium chloride by 
filtration, toluene was distilled out of the toluene layer in the evaporator, and p-styryl diethyl 
methylphosphonate was obtained. 

[0058]Mass analysis (the eiectrospray ion method): (M+H) + =255, (M+NH 4 )+ =272FT - IR- 
spectrum(cm* 1 ):3086 (nuCH) [*CH ] 2981 (nuCH), 2907 (nuCH), 1629 (nuC=C), 1607 
f Benzene ring] 1515[Benzene ring] 1250 [P=0] 1055[-O-] 1028[-O-] 

Proton NMR spectrum (400 MHz, solvent deuterated dimethyl sulfoxide, chemical shift (delta, 
ppm) :) [0059] 

[Table 1] 
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[0060] 
[Formula 3] 
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(delta, ppm) :) [0062] 
[Table 2] 
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[0063] 
[Formula 4] 

1 2\ / ' X5-CH 2 -CH 3 



[0064] 31 P-NMR spectrum (400-MHz, solvent deuterated dimethyl sulfoxide, and chemical shift 
(delta, ppm):26.9 (s)) 

[0065]Benzyl dimethyl keta! (Ciba-Geigy IRGACURE 651) 0.5 weight section is dissolved in 
monomer mixture 100 weight section which consists of 80 % of the weight of example 1 
(manufacture of proton conductive fiim)p-styryl diethyl methylphosphonate, and 20 % of the 
weight of divinylbenzenes, This was further diluted with methanol and it was considered as the 
solution of the 80-% of the weight concentration of the above-mentioned monomer mixture. 
[0066]!t was air-dry, after applying the solution of the above-mentioned monomer mixture to 
both sides of the porous membrane made from polytetrafiuoroethylene (micro textile NTF1 122 
made from NITTO DENKO Stock, 85 micrometers of thickness, 75% of a void content, 0.20 
micrometer of average pore sizes) and making it impregnated into the hole of a porous 
membrane. 

[0067]The porous membrane processed in this way is pinched with the mold releasing film 



http://www4.ipdI.inpit.go.jp/cgi-W 9/21/2009 



JP,2003-257238,A [DETAILED DESCRIPTION] 



Page 13 of 15 



made of polyester resin, After intercepting a porous membrane from air, an optical exposure is 
carried out in energy 2.5 J/cm 2 at the above-mentioned porous membrane using the fight 
irradiation device (product UBmade from Eye Graphics021-1B-13) provided with the high- 
pressure mercury lamp, Carry out photopolymerization of the above-mentioned monomer 
mixture within the above-mentioned hoie, and crosslinked polymer was made to generate, and 
this was made to support in the hole of the above-mentioned porous membrane, and the 120- 
micrometer-thick film was obtained. In this film, the membranous hole is thoroughly filled up 
with the above-mentioned crosslinked polymer, and both the surfaces of the porous membrane 
were also covered with the above-mentioned crosslinked polymer layer. 
[0068]Thus, the film which made crosslinked polymer support was immersed at 80 ** into 5-N 
sodium hydroxide solution for 3 hours, the diethyl phosphonate group of the above-mentioned 
crosslinked polymer was hydrolyzed, and the proton conductive film which made the 
crosslinked polymer which has a phosphonic acid group of isolation support was obtained. 
[0069]After exposing this proton conductive film to the environment adjusted to the 
temperature of 25 **, and 50% of relative humidity for 24 hours, when proton conductivity was 
measured, it was 1.0x10" 3 S/cm. 

[0070]Dissolve benzyl dimethyl ketal (Ciba-Geigy IRGACURE 651) 0.5 weight section in 
monomer mixture 100 weight section which consists of 90 % of the weight of example 2p-styryl 
diethyl methylphosphonate, and 10 % of the weight of divlnyibenzenes, and this is further 
diluted with methanol, It was considered as the solution of the 80-% of the weight 
concentration of the above-mentioned monomer mixture. 

[0071] It is a porous membrane made from ultra high molecular weight polyethylene (40 
micrometers of thickness) about the solution of the above-mentioned monomer mixture. It was 
air-dry, after having laid 55% of a void content, and 0.15 micrometer of average pore sizes on 
the mold releasing film made of polyester resin, applying to the exposed surface (surface of 
the opposite hand of the surface which has met the mold releasing film) of the above- 
mentioned porous membrane made from ultra high molecular weight polyethylene and making 
it impregnated into the hole of a porous membrane. 

[0072]Next, after placing with the mold releasing film made of polyester resin also on the 
porous membrane processed in this way and intercepting a porous membrane from air, it is 
made to be the same as that of Example 1 , Carry out an optical exposure in energy 2.5 J/cm*\ 
carry out photopolymerization of the above-mentioned monomer mixture to a porous 
membrane within the above-mentioned hole, and crosslinked polymer was made to generate, 
and this was made to support in the hoie of the above-mentioned porous membrane, and the 
60-micrometer-thick film was obtained. In this film, the surface which the membranous hole is 
thoroughly filled up with the above-mentioned crosslinked polymer, and applied the solution of 
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the monomer mixture to the porous membrane was also covered with the above-mentioned 
crosslinked polymer layer. 

[0073]Thus, the film which made crosslinked polymer support was immersed at 80 ** into 5-N 
sodium hydroxide solution for 3 hours, the diethyl phosphonate group of the above-mentioned 
crosslinked polymer was hydrolyzed, and the proton conductive film which made the 
crosslinked polymer which has a phosphonic acid group of isolation support was obtained. 
[0074]After exposing this proton conductive film to the environment adjusted to the 
temperature of 25 **, and 50% of relative humidity for 24 hours, when proton conductivity was 
measured, it was 1 .2x10~ 3 S/cm. After this proton conductive film was immersed underwater for 
24 hours, when it was again exposed to the environment adjusted to the temperature of 25 **, 
and 50% of relative humidity for 24 hours and proton conductivity was measured, it was 
1.3x10" 3 S/cm and was almost the same as immersion before to water. 
[0075]Between two carbon paper which made the surface support example 3 (fuel cell) 
platinum catalyst with the rate of 0.6 mg/cm 2 , the proton conductive film obtained in Example 1 
was inserted, it joined using the hotpress, and the film-electrode conjugate (MEA) was 
manufactured. 

[0076]The fuel cell characteristic of the above MEA was evaluated using the fuel cell 
evaluation system by TOYO Corp. The back pressure regulating valve was not extracted but 
the pressure was performed in ordinary pressure. The humidifier temperature of an 80 ** and 
oxygen side was [ hydrogen side j 70 **, and fuel eel! cell temperature was 70 **. When the 
current-voltage (l-V) curve was obtained by the Tafel method, the current-voltage (l-V) curve 
almost equivalent to the case where Nafion (registered trademark) 117 film is used for a result 
as proton exchange membrane as shown in drawing 1 was obtained. That is, the proton 
conductive film by this invention has the fuel ceil characteristic equivalent to Nafion 117 film. 
[0077]After having carried out ionic exchange of comparative example 1 TOSOH CORP. make 
PORINASU PS-5 using highly acidic cation exchange resin, changing sodium salt into free 
acid and condensing this, it was made to dissolve in methanol and the methanol solution of 
polystyrene sulfonate of concentration was prepared 20%. 

[0078]Put the same porous membrane made from ultra high molecular weight polyethylene as 
Example 2 on the mold releasing film made of polyester resin, the exposed surface was made 
to apply and dry the methanol solution of the above-mentioned polystyrene sulfonate, and the 
58-microrneter-thick proton conductive film was obtained. 

[0079]in this proton conductive film, the hole of the porous membrane is thoroughly filled up 
with the above-mentioned polystyrene sulfonate, and the surface by the side of spreading of 
the above-mentioned polystyrene sulfonate of a porous membrane was also covered with the 
layer of polystyrene sulfonate. After exposing this proton conductive film to the environment 
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adjusted to the temperature of 25 **, and 50% of relative humidity for 24 hours, when proton 
conductivity was measured, it was 2.8x1 0" 5 S/cm. 

[0080]When the humidity was again controiied to the temperature of 25 **, and 50% of relative 
humidity and proton conductivity was measured after being immersed to this water as a result 
of eluting a part of polystyrene sulfonate underwater, when this proton conductive film was 
immersed in water for 24 hours, it was 3.7x1 0" 6 S/cm. 
[0081] 

[Effect of the lnvention]As mentioned above, the proton conductive film by this invention makes 
it come to support P-polymer which has a phosphonic acid group in a side chain in the hole of 
a porous membrane. 

it not only has high proton conductivity, but it has high intensity and the above-mentioned 
polymer is insoluble in water nature further. 

According to this invention, polymerize P-monomer which has a phosphonate group within the 
hole of a porous membrane, and make the polymer which has a phosphonate group in a side 
chain generate especially, and. According to the proton conductive film which makes this 
polymer support in the hole of the above-mentioned porous membrane, and makes it come to 
support P-polymer which hydrolyzes the above-mentioned phosphonate group and has a 
phosphonic acid group in a side chain further in the hole of a porous membrane. P-polymer 
and a porous membrane are unified and P-polymer has advanced adhesion to a porous 
membrane, and the proton conductive film by this invention can be markedly boiled compared 
with the proton conductive film which consists of the conventional sulfonic group content 
fluororesin film, and can be obtained cheap. 

[0082] In this way, the proton conductive film by this invention can be conveniently used as an 
ion-exchange membrane in a fuel cell, here, since it is cheap here, makes it able to reduce the 
cost of a fuel cell system substantially, and can speed up the utilization. 



[Translation done.] 
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9 *n briX i ^lt<?>?-|£ic X o x tfttfffc $ tit i-T & 
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'>fc < t t.-gp^ P - # y $ ftfc -/o h y£ 
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©saw-**-*-*. ttfiiasT-o hy£3f 

7°n h yfiSttBllwtt^TftgklCfiaitftSC tA5T# 

10 
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